Abstract: A 7-year-old male eclectus parrot (Eclectus roratus) was presented for evaluation of acute onset of dyspnea, tachypnea, and lethargy. Proventricular dilatation was observed on survey radiographs. Contrast fluoroscopic examination revealed decreased gastrointestinal motility and retention of contrast material in the proventriculus. Despite supportive care, the bird died. At necropsy, a tubular diverticulum of the ventriculus extended orad into the proventriculus. This diverticulum caused almost complete obstruction of proventricular outflow. No inflammation, infectious organisms, or neoplasia were associated with the lesion. The cause of the ventricular diverticulum in this parrot is unknown.
Introduction
The ventriculus, or muscular stomach of birds, is lined on its mucosal surface by a cuticle layer, the koilin. The structure of both the ventriculus and the koilin varies according to diet between species of birds. The koilin serves as a grinding surface, enabling the ventriculus to mechanically digest food as it contracts. 1 Insectivorous, herbivorous, and granivorous birds possess a well-developed, muscular ventriculus with a thick, abrasive koilin layer. In contrast, birds that eat foods not requiring significant mechanical digestion (ie, carnivores and piscivores) have an almost rudimentary ventriculus and soft koilin. [1] [2] [3] [4] Koilin consists of a carbohydrate-protein complex that is secreted from glands in the mucosa of the ventriculus. [1] [2] [3] [4] After this complex is secreted, it hardens in response to exposure to hydrochloric acid produced by the proventriculus. This process results in a tough, wear resistant material. 1, 2, 4 Disruption of normal koilin architecture or production resulting in structural defects has been reported in many species of birds. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Various etiologic factors have been implicated in causing defects in the koilin layer, including a variety of infectious agents.
The structure of the koilin layer of the ventriculus is complicated. The basic structure consists of vertical rodlets of hard koilin that are produced by clustered tubular glands found in mucosal crypts. These rodlets collectively form the rods that are the vertical scaffolding of the koilin layer. The rods are surrounded by a horizontal matrix of desquamated cells and softer material produced by the surface epithelium. 1 The koilin layer is continually worn down by grinding action and replaced by glandular secretion. 1, 2 In most birds with a well-developed ventriculus, the koilin is asymmetrically formed, being thickest opposite the craniodorsal and caudoventral thick muscles. 1, 2, 4 In this report, we describe a ventricular diverticulum and koilin dysplasia of unknown cause in an eclectus parrot (Eclectus roratus) that resulted in gastrointestinal obstruction and death.
Case Report
A 7-year-old male eclectus parrot was examined because of dyspnea, tachypnea, and lethargy. The parrot was hand-raised and had been with the current owner for 1 year. It was housed in a room with two conures (Aratinga auricapilla and Nandayus nenday) and a female eclectus parrot, which had all been obtained at once from the same source. No abnormalities were reported with the other birds. The diet consisted of commercial pellets supplemented with seed, fresh fruits, and vegetables. All other husbandry practices were considered adequate. There was no known history of toxin exposure. The dyspnea and tachypnea had developed the previous day, and the owner had presented the bird to an emergency clinic late that evening. At the emergency clinic, it was placed in an oxygen cage and given intramuscular injections of enrofloxacin (Baytril, Bayer Corp, Shawnee Mission, KS, USA) and vitamin A, D, and E. The next morning, the bird was transferred to our hospital for evaluation.
On examination, the bird was in good body condition and weighed 352 g. The rhinotheca was moderately overgrown, and the choanal papillae were severely blunted. Feather loss from feather plucking was present over most of the body. The bird was tachypnic (approximately 60 breaths per minute) and moderately dyspneic at rest, with a tail-bob and an audible click on expiration. It was very lethargic and rested with its beak on the ground to help support its weight. The coelom was mildly distended. Dehydration was estimated at 8-10%.
Jugular venipuncture was performed to obtain a blood sample for a complete blood count (CBC) and a plasma biochemical analysis. Results of the CBC revealed a mildly increased packed cell volume (56%; reference range 45-55%). 18 Results of the biochemical analysis revealed high concentrations of aspartate aminotransferase (555 IU/L; reference range, 135-230 IU/L), creatine kinase (4277 IU/L; reference range, 200-625 IU/L), and lactate dehydrogenase (944 IU/L; reference range, 100-280 IU/ L). 18 All other CBC and plasma biochemical values were within reference ranges. Results of a fecal Gram stain were unremarkable. A cloacal swab specimen was submitted for aerobic and fungal culture. No pathogens were isolated.
The bird became severely dyspneic after examination and sample collection, necessitating hospitalizing the bird in a warm oxygen cage. After the bird's condition stabilized, fluid, antibiotic, and antifungal therapy was begun. The treatment regimen consisted of enrofloxacin (25 mg/kg SC q24h; Baytril, Bayer), itraconazole (10 mg/kg PO q12h; Sporanox, Janssen Pharmaceutica Products, Titusville, NJ, USA), and lactated Ringer's solution (50 ml/kg SC q12h). The bird was also fed 20 ml of a nutritional supplement by gavage (Emeraid II, Lafeber Company, Cornell, IL, USA).
The next morning, the parrot's clinical condition appeared slightly improved. It had passed scant green feces and yellow urates, and it had eaten a small amount of seed overnight. To prevent struggling and dyspnea during handling, the bird was anesthetized with isoflurane to take whole-body survey radiographs. Radiographic abnormalities included a significantly dilated proventriculus (ϳ2-3 times the normal diameter) and loss of serosal detail in the caudal coelomic cavity (Fig 1) .
Contrast fluoroscopy was then done to evaluate the coelomic structures and gastrointestinal motility. Barium sulfate was administered (12 ml, 1:1 barium and water) by gavage into the crop. The bird was placed in a closed, narrow cardboard box during imaging to prevent excessive movement. Standing lateral and dorsal-ventral images were taken at 20, 50, 110, and 200 minutes. Motility of the crop, proventriculus, and ventriculus motility was diminished. When the final images were taken at 200 minutes, only a small amount of contrast material had reached the ventriculus. A filling defect was apparent in the proventriculus.
With the exception of gavage feeding, previously prescribed treatments were continued after the initial survey radiographs and fluoroscopy. A small amount of regurgitated barium was observed in the cage that evening. The bird was found dead late that night.
At gross necropsy, abnormalities were restricted to the proventriculus and ventriculus. Grossly, a thin-walled conical diverticulum, approximately 2.5 cm long and 1.5 cm wide, protruded from the ventriculus into the proventriculus. Proventricular outflow was almost completely obstructed by this diverticulum. A small opening at the apex of the diverticulum allowed communication between the proventriculus and ventriculus. The ventriculus and diverticulum contained a moderate amount of grit, seed, and barium sulfate (Fig 2) . Barium sulfate and a scant amount of seed were present in the proventriculus.
Histologically, the proventriculus and ventriculus were normal (Fig 3A) . The ventricular diverticulum consisted of thin, layered muscle and sloughed mucosa. A layer of koilin was associated with this tissue but appeared abnormal. The koilin layer in the diverticulum was thinner than the layer within the ventriculus and lacked the regular columnated structure (Fig 3B) . Marked hemorrhage and congestion of the esophageal serosa, consistent with blockage of the upper gastrointestinal tract, was present. No evidence of infectious disease, toxicosis, or pulmonary aspiration (barium sulfate or otherwise) was detected grossly or histologically. The diagnosis was ventricular diverticulum with dysplastic koilin resulting in gastrointestinal obstruction. Figure 1 . Note the regular, columnated structure of the normal koilin layer and its association with the glandular epithelium of the ventriculus. The koilin matrix of the diverticulum shows no distinct organization. K indicates koilin layer; E, glandular epithelium (hematoxylin and eosin ϫ400).
Discussion
In this eclectus parrot, a diverticulum of the ventriculus caused almost complete obstruction of proventricular outflow, resulting in death. On histologic examination, the koilin layer of the diverticulum was thin, and the normal columnated structure was absent. No evidence of inflammation, infectious organisms, or neoplasia was found, and the cause of the ventricular diverticulum was not identified.
Gastrointestinal diseases are relatively common in avian species and can be challenging to diagnose. Infectious gastrointestinal diseases frequently occur and can be bacterial, fungal, viral, or parasitic in nature. Other common gastrointestinal disorders in avian patients include toxicosis, foreign body ingestion, papillomatosis, and neoplasia. 19 Many clinical signs observed in birds with gastrointestinal disease are nonspecific, such as lethargy, anorexia, and a fluffed appearance. Illness can be acute or chronic. For these reasons, developing a specific list of differential diagnoses at presentation can be difficult.
In this parrot, the presenting complaints were dyspnea, tachypnea, and lethargy. The owner reported no regurgitation or vomiting, diarrhea, anorexia, weight loss, or other signs typically associated with gastrointestinal disease. 20 This bird showed no overt signs of gastrointestinal disease initially, and gastrointestinal involvement was not suspected until the radiographic and fluoroscopic findings of proventricular dilatation, decreased proventricular and ventricular motility, and slow proventricular emptying of contrast material were identified. Our initial differential diagnoses included primary respiratory disorders such as a tracheal or syringeal mass or foreign body, aspergillosis, chlamydiosis, sarcocystis, or an inhalant toxicosis (eg, polytetrafluoroethylene gas). 21 Initial therapy was directed toward possible respiratory disease. Oxygen therapy, as well as administration of antimicrobials effective against most of the common respiratory pathogens, was instituted. In retrospect, the dyspnea and tachypnea seen in this bird were likely secondary to proventricular enlargement or associated discomfort. Respiratory difficulty is often observed in birds with organomegaly, as air sac volume is diminished. 21 After identifying the radiographic and fluoroscopic abnormalities, gastrointestinal obstruction and proventricular dilatation disease were our primary differential diagnoses. Causes of partial to complete gastrointestinal obstruction in birds are foreign body ingestion, 22, 23 neoplasia, 24-26 parasitic diseases, 27 intussusception, 28,29 stricture, abscesses or fungal granulomas, 30, 31 and sloughed koilin secondary to primary ventriculitis. 32 Extraluminal masses impinging on the gastrointestinal tract can also result in obstructive conditions. 31 Because movement of the barium was interrupted at the junction of the proventriculus and the ventriculus, an obstruction was strongly suspected. However, because the parrot had access to solid food until a few hours before contrast fluoroscopy, interpretation of the images was challenging. For this reason, we could not rule out the possibility that the apparent obstruction of the barium was caused by ingesta that had ac-cumulated secondary to functional ileus. Withholding solid food and feeding this bird a liquid diet for 24 hours or more before fluoroscopic evaluation may have been helpful. An acute obstruction was suggested by the fact that the bird was in good body condition and passing feces until less than 24 hours before its death.
Heavy metal analysis, especially for lead and zinc, would have been appropriate in this case but was not performed. Lead and zinc toxicosis have been associated with ileus and proventricular impaction. 3 Zinc toxicosis associated with ventriculitis and erosions of the koilin has been reported in various avian species. [10] [11] [12] Ingesting excessive amounts of other metals, such as copper, also has been associated with ventricular and koilin abnormalities. 3 The koilin layer can be disrupted from a variety of causes. Mycotic proventriculitis or ventriculitis, such as that produced by avian gastric yeast or Candida species, can disturb koilin production. 5, 6, 14, 17 Adenovirus infections in poultry have resulted in erosion of koilin layers. 7, 8 Other potential causes of koilin disruption are inappropriate diet (eg, hypovitaminosis A, excessive polyunsaturated fatty acids), 13 parasitism, 15 neoplasia, [24] [25] [26] and toxicosis (eg, zinc, copper, ferrous sulfate). 3, [10] [11] [12] 16 The koilin layer can also be eroded by ingestion of excessively abrasive objects or substances. 13 The cause of the dysplastic koilin in this bird is unknown. Idiopathic intussusception of the proventriculus into the ventriculus has been described in chickens. 33 However, the anatomic deformity observed in this eclectus parrot has not been previously described in other avian species. In this parrot, the ventricular diverticulum was intussuscepted into the proventriculus. In the absence of any inflammatory or malignant changes associated with the defect, the underlying cause was unlikely to be infectious or neoplastic. Possibly, a previous insult disrupted the koilin and mucosa of the ventriculus, initiating development of the diverticulum.
Normally, ingesta passes back and forth between the proventriculus and ventriculus, allowing combined chemical and mechanical digestion. 34 In this bird, the strong contractions of the ventriculus might have progressively forced more and more ingesta into the diverticulum during normal reflux. The accumulated solid ingesta in the diverticulum eventually could have prevented the relatively weak contractions of the proventriculus from expelling the contents of the diverticulum into the ventriculus. By the time the diverticulum became clinically significant, the inciting cause might have resolved. Another possibility is that this ventricular diverticulum was a congenital anatomic defect that did not interfere with gastrointestinal function until it became distended with ingesta over time, ultimately causing a mechanical obstruction between the proventriculus and ventriculus.
This case illustrates the potential challenges of diagnosing gastrointestinal obstruction in avian patients. Also, structural abnormality involving the koilin should be considered as a differential diagnosis for gastrointestinal obstruction in psittacine birds.
